Introduction
Metabolic surgery has its roots in weight loss surgery, the story of which was told by the American Society for Metabolic and Bariatric Surgery (ASMBS) in 2004 [1] . It started in the 1950s with a jejunoileal bypass and was followed by a jejunocolic shunt some years later. Both procedures have not withstood the test of time because of inherent life-threatening, long-term nutritional derangements. They were replaced by the gastric bypass which was first described by Mason and Ito at the University of Iowa in 1965. A breakthrough in terms of feasibility, patient safety, and recovery was the introduction of minimally invasive techniques by Wittgrove in the year 1994. Currently, several variations exist regarding the length of intestinal limbs and the size of pouch. In 1979, Scopinaro invented biliopancreatic diversion (BPD) for stronger malabsorption. Today's standard is BPD with duodenal switch (DS) as introduced by Hess in 1986. Although BPD-DS is the most effective metabolic procedure, it is infrequently used because of high rates of postoperative and long-term complications. Laparoscopic sleeve gastrectomy (SG) was initially considered as the first of a multi-step bariatric concept for super-obese patients. It became apparent soon that SG was an effective standalone procedure for weight loss and remission of diabetes. Because of its ease and effectiveness, SG is becoming the most common operative procedure worldwide.
Originally conceived as an attempt to merely treat morbid obesity and improve cosmetic appearance, bariatric surgery has undergone an evolutionary development throughout the years, allowing it to be now recognized as a valued surgical treatment for obesity in conjunction with its correlated metabolic complications, e.g. type 2 diabetes mellitus (T2DM). The term metabolic surgery was introduced by Richard L. Varco and Henry Buchwald in 1978, who published a book with this title in which they defined this surgery as 'the operative manipulation of a normal organ system to achieve a biological result for a potential health gain' [2] . Since then, reversing metabolic complications of obesity has achieved a higher priority than weight loss per se. The modern term metabolic surgery is Keywords Obesity surgery · Metabolic surgery · Bariatric surgery · Metabolic syndrome · Type 2 diabetes mellitus · Sleeve gastrectomy · Gastric bypass · Biliopancreatic diversion · Duodenal switch Summary Background: Bariatric surgery is gastrointestinal surgery for weight control, and metabolic surgery refers to the use of surgery to primarily and purposely treat type 2 diabetes mellitus (T2DM)/metabolic syndrome mellitus. Methods: The most recent literature was reviewed for surgery and T2DM in a non-systematic fashion. Results: Roux-Y gastric bypass, biliopancreatic diversion with duodenal switch, and sleeve gastrectomy (SG) are the dominant procedures today. SG is emerging as the most popular operation worldwide. Laparoscopy has made metabolic surgery as safe as other common abdominal procedures. A BMI > 60 kg/m 2 , however, exposes a significantly higher perioperative risk. Most patients experience a sustained improvement of glycemic control with subsequent reduction of cardiovascular events. The remission rates depend on the severity and duration of diabetes. Prevention of long-term nutritional deficits and monitoring of metabolism require lifelong medical surveillance of the patients. Conclusions: The profound impact of weight reduction surgery on glucose metabolism explains the growing interest in treating T2DM by surgical means. Metabolic surgery is a safe option for carefully selected patients with metabolic syndrome. employed in this article to indicate the use of gastrointestinal surgery to primarily and purposely treat metabolic disorders rather than to simply strive for body weight reduction. Using this definition, Roux-Y gastric bypass (RYGB) and its variants BPD-DS and SG are considered as standard metabolic operations by the authors, excluding gastric banding from this list because it lacks a weight loss-independent metabolic effect. This definition is a tighter one than that used by others [3, 4] . Buchwald considers all bariatric procedures as metabolic and thus advocates the term bariatric/metabolic surgery [4] . He has identified six historically dominant procedures: jejunoileal bypass, vertical banded gastroplasty, adjustable gastric banding, RYGB, BPD and its American cousin DS, and SG.
Indication for Bariatric and Metabolic Surgery
The traditional classification of obesity was based on body mass index (BMI). Therefore, BMI has been the standard selection criterion for surgery since the National Institute of Health (NIH) consensus statement in 1991, with the NIH being the first organization issuing recommendations in this field [5] . Surgical intervention was considered suitable for those subjects with a BMI exceeding 40 kg/ m 2 or 35 kg/m 2 plus an obesity-related disease (i.e. T2DM, obesityinduced cardiomyopathy, severe osteoarthritis, severe sleep apnea, etc.) who, despite changes in lifestyle and adequate pharmacological therapy, have failed to control obesity and its comorbidities.
Subsequently, other organizations published BMI-centered guidelines varying in some aspects. The evidence-based recommendations from the German Society for General and Visceral Surgery (DGAV) are currently under revision [6, 7] . Even the most recent interdisciplinary German consensus from 2014 is a modification of the original NIH paper [8] . It includes the recommendation by the International Federation of Diabetes from the year 2011 that surgical management is applicable for patients with a BMI between 30 and 35 kg/m 2 who have an uncontrolled diabetes (HbA 1c > 7.5% or 58 mmol/ml) or other comorbidities (i.e. dyslipidemia, hypertension, etc.) [9] .
There is little doubt about the relationship between excessive weight and metabolic diseases; however, there are numerous obese individuals without metabolic comorbidities as well as many normal-weight persons with increased metabolic and cardiovascular risks. Subjects with a BMI 30 kg/m 2 without the presence of T2DM, dyslipidemia, or hypertension are named metabolically healthy obese (MHO), but there is no generally accepted definition of this phenomenon. The prevalence of MHO is estimated to range between 10 and 34% [10] , decreasing somewhat with age. MHO appears to be more prevalent in women than in men. At present, it is not quite clear whether obesity without metabolic comorbidities will eventually convert into obesity with cardiovascular risk and, thus, whether MHO represents a unique subset of patients or an early snapshot of a progressive metabolic disease [11] . It is also unclear whether MHO and metabolically unhealthy obese patients require different therapeutic approaches to control weight. Both groups are equally well amenable to bariatric surgery.
In 2009, comorbidities and functional restrictions were put into the foreground by a new grading system of obesity by Sharma and Kushner [12] . The Edmonton Obesity Staging System (EOSS) classifies obesity into five stages according to the patient's medical, mental, and functional symptoms (table 1) . The EOSS appears to be a better predictor of weight-related mortality than BMI. In health care systems with restricted access to metabolic surgery, EOSS may be used to prioritize overweight patients.
In collaboration with leading diabetes organizations and endorsed by a large group of international societies, the Second Diabetes Surgery Summit (DSSII) was held in London in September 2015. The objective of the DSSII conference was to develop Delphi consensus guidelines for the selection of T2DM patients as candidates for metabolic surgery [13] . The DSSII advocates for metabolic surgery in class 1 obesity. Surgery should be considered as an option to treat T2DM in patients with a BMI < 35 kg/m 2 if patients are poorly controlled despite optimal medical treatment [4] . The DSSII states that the vast majority of diabetic patients have a BMI < 35 kg/m 2 and that denying surgery to those who may benefit greatly is condemning millions of patients to the risk of micro-and macrovascular disease of uncontrolled T2DM despite best medical care. The novelty of these new guidelines is that they address T2DM as a devastating, chronic, and progressive disease. Moreover, the guidelines are based on the severity and control (or lack of) of T2DM and not solely on the relation to weight and height of each particular individual.
Settling metabolic surgery as a new discipline and providing guidelines does not replace the indication for bariatric surgery. Too many severely obese patients are still in need of bariatric surgery in order to improve comorbidities other than T2DM, such as gastroesophageal reflux disease and osteoarthrosis, i.e., conditions that may remit after massive weight loss.
Standard Techniques
Sleeve Gastrectomy SG is performed using 5 trocars, but other variations have been described such as 3 trocars, single-incision laparoscopic surgery, or robotic access. Retraction of the left liver gives way to the proximal stomach. The gastrocolic and the gastrosplenic ligaments are dissected from the greater curvature by using a sealing device such as an ultrasonic dissector. Clips may be additionally used to close bleeding vessels. It is of upmost importance that the dorsal fundus is completely mobilized so that the lesser curvature of the proximal stomach can be visualized from its backside. This guarantees a correct tubularization up to the esophagus. Gastric dissection along the greater curvature starts at about 3-5 cm proximal to the pylorus. A calibrating bougie is transorally advanced into the stomach. Its size has been a matter of debate. Today, a size of 32-36 French is considered standard. Gastric dissection is performed using linear staplers. Some prefer additional staple line reinforcements or a continuous suture. The staple line is checked for leaks by introducing methylene blue solution into the stomach. Occult staple line bleeding is checked by raising the blood pressure up to 140 mm Hg. A drain is placed at the angle of His.
Roux-Y Gastric Bypass
RYGB is performed using 5 trocars or, alternatively, 7, 3, or 1. Robotic surgery has also been established in some centers. The aim of this method is a Roux-Y connection of the jejunum to a small gastric pouch. The order of surgical steps may vary between surgeons. The smaller curvature is carefully dissected 5 cm below the cardia without injuring the vagal nerves. The bursa omentalis is entered from here, and dorsal adhesions of the proximal stomach are taken down. Then, the peritoneum at the angle of His is incised. The first stapler is placed perpendicular to the smaller curvature. The next staplers are placed parallel to the curvature in the direction of the angle of His. A bougie is helpful for calibrating the pouch. Starting at the duodenojejunal angle, the biliary limb is measured up to 50 cm and divided. The alimentary limb is pulled upwards in front of the colon and stomach. A bulky omentum is divided longitudinally to reduce tension at the alimentary limb. The gastrojejunal anastomosis is performed using longitudinal or circular staplers or, rarely, suture techniques. The anastomosis of the biliary and the alimentary limb is created using stapling or hand-sewn techniques at 150 cm distal to the gastric anastomosis. Finally, the integrity of the gastrojejunostomy is checked by methylene blue test. Both mesenteric defects at the antecolic alimentary limb, the so-called Petersen space and the jejunojejunostomy space, are closed with running sutures to prevent internal hernias. A drain is placed close to the gastrojejunostomy.
Biliopancreatic Diversion with Duodenal Switch BPD-DS was described in detail by Baltasar et al. [14] in 2001.
Their technique is cited in the following. 6 trocars are used. The greater curvature of the stomach and the first part of the duodenum are completely devascularized with the harmonic scalpel. The duodenum is divided with a linear cutter. The vertical subtotal gastrectomy starts 7 cm proximal to the pylorus at the greater curvature by the serial application of linear cartridges parallel to the lesser curvature as far as the cardia. The gastric tube is filled with methylene blue to detect leaks. The resected stomach is removed through the 15-mm port. The bowel is divided with a linear cutter 250 cm proximal to the ileocecal valve to form the alimentary limb. The mesentery is partially divided with the harmonic scalpel. The biliopancreatic and the alimentary limb are hand-sutured side-toend 75 cm proximal to the ileocecal valve. The duodenoileal endto-end anastomosis is hand-sutured or done by circular stapling. The mesenteric defects are left open.
Choice of Procedure
There are no evidence-based algorithms for the best choice of procedure. The choice of surgery should thus be tailored to each single individual according to the grade of obesity, the presence, type, and severity of comorbidities, the patient's wish, the surgeon's experience, and the patient's adherence. The recent DSSII statements are as follows [4] : RYGB is a well-standardized surgical procedure, and among the accepted operations for metabolic surgery it appears to have a more favorable risk-benefit profile in most pa- tients with T2DM. SG is considered effective with excellent weight loss and major improvement of T2DM, although longer-term studies (>3 years) are less available when compared to RYGB. It could be a valuable option to treat diabetes, especially in patients for whom concerns exist over the risk of operations involving bowel diversion. Although clinical evidence suggests that BPD-DS may be the most effective procedure, the operation is associated with significant risk of nutritional deficiencies, making its risk-benefit profile less favorable than that of the other bariatric/metabolic procedures for most patients. BPD-DS should be considered only in patients with extreme levels of obesity (e.g. BMI > 60 kg/m 2 ).
Effectiveness of Metabolic Surgery
Data from 11 randomized controlled trials (RCTs) [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] in patients with T2D and a BMI 25 kg/m 2 (mostly >35 kg/m 2 ) and from a recent meta-analysis [27] consistently demonstrate superior efficacy of bariatric/metabolic surgery in reducing weight and lowering glycemia compared with a variety of medical/lifestyle interventions. However, the majority of these RCTs have only examined 1-to 2-year results, and only few have examined results for 3-5 years. The long-term results remain less clear with decreasing benefits over time, with or without weight regain. The famous Swedish SOS observational study confirmed a sustained favorable effect on glycemia up to 20 years [28] .
A significant HbA 1c reduction of 2% can be seen after surgery versus 0.5% after conventional therapies, and the final HbA 1c in the surgical groups is near 6%, regardless of the level of baseline HbA 1c [4] . The literature shows sustained diabetes remission in 30-63% of patients. Disease may recur over time in 35-50% or more of patients who initially achieve remission. Even after relapsing T2DM, the large majority of patients maintain substantial improvement of glycemic control from baseline for at least 5-15 years. One may assume that progression of macro-and microvascular complications of diabetes may be halted accordingly. Duration of diabetes, grade of diabetes therapy (use of insulin), and poor glycemic control are negative prognostic parameters regarding diabetes remission [29] .
Retrospective studies and a recent prospective multicenter nonrandomized study suggest that metabolic surgery induces similar degrees of weight loss, diabetes remission, and improvement of cardiometabolic risk factors for at least 3 years after surgery in adolescents with T2DM [30] .
Success of bariatric surgery traditionally means a loss of >50% of excess weight. There is, however, no universally accepted definition of successful surgical treatment of T2DM. In 2009, an American Diabetes Association expert panel defined partial and complete remission of T2D as the achievement of an HbA 1c <6.5 and <6.0%, respectively, absence of all diabetes medications, and maintenance of these glycemic levels for at least 1 year [30] . Most obesity surgeons feel that total remission should not be the only measure of success; instead, even temporary normoglycemia, significant improvement of glycemic control, and downgrading of medication are meaningful benefits which justify metabolic surgery [31] .
Safety of Metabolic Surgery
Safety of SG and RYGB has significantly improved with the introduction of laparoscopic techniques, standardization of methods and perioperative care, enhanced training and credentialing, and involvement of multidisciplinary teams. Morbidity has fallen to about 15% for minor and to 5% for major complications in this high-risk obese patient group, comparing favorably with other commonly performed elective operations (table 2). Mortality rates have dropped to less than 0.5%, similar to cholecystectomy or hip replacement. BPD-DS represents the most complex procedure, requires longer operative time, and is associated with the highest perioperative mortality and morbidity rates.
Known risk factors of obesity surgery are higher age, super-obesity, male gender, multiple comorbidities, and previous or revisional bariatric operations. DeMaria et al. [33] presented a simple 3-grade scoring system to stratify the mortality risk for patients undergoing gastric bypass based upon five independent variables: BMI 50 kg/m 2 , male gender, hypertension, pulmonary embolism risk, and age 45 years. Mortality was low (0.31% class A), intermediate (1.90% class B), and high (7.56% class C) [33] .
The importance of the EOSS in predicting postoperative outcome and 30-day mortality after metabolic surgery was addressed by Chiappetta et al. [34] , analyzing the outcome in 534 bariatric patients. The postoperative complication rates were 8.22% for EOSS 2 and 22.39% for EOSS 3. The EOSS score was more accurate for predicting postoperative complications than other scores and may be used for presurgical stratification and risk assessment in clinical practice. Surgery seems to achieve the best results in EOSS grade 2 patients with regard to the prevention of metabolic sequelae and postoperative morbidity.
Long-term nutritional deficiencies, such as anemia, bone demineralization, and hypoproteinemia, may occur with variable frequency depending on the type of procedure, requiring lifelong vitamin/nutritional supplementation. Iron deficiency and anemia are very frequent. Nutritional complications are more frequent with BPD-DS, and less common/severe with RYGB or SG. Postprandial dumping and hypoglycemia can also occur, especially with RYGB, and can be managed with conservative therapy in most cases. New-onset reflux esophagitis is a typical complication after SG. Pre-existing reflux may be a contraindication to SG. The DSSII panel recommends lifelong postoperative surveillance of the development and/or progression of microvascular complications of T2DM (e.g. retinopathy, nephropathy, and neuropathy) by primary care physicians, endocrinologists, and internal medicine specialists as appropriate [4] .
